The results indicated statistically significant differences between age and sex groups, as well as between ethnic and sport groups.
INTRODUCTION
While traditional medical neurodiagnostic methods remain at the forefront in examining sport-related concussions, neuropsychological assessment is being increasingly employed in the evaluation and management of head injuries across a wide range of sports and levels of play. 1, 2 In recent times, customary paper-and-pencil neuropsychological tests are often replaced by user-friendly computerized neuropsychological instruments, based on peer-reviewed evidence for their use in sport medicine. Examples include the Automated Neuropsychological Assessment Metrics (ANAM), 3 Cog Sport, 4 CNS Vital Signs, 5 and the Immediate Post-Concussion Assessment and Cognitive Testing (ImPACT). 6 From among these instruments, ImPACT has emerged as one of the most widely used neuropsychological tools in North America for the assessment of concussion. 7 A typical application of ImPACT involves the comparison of the concussed athlete's test performance with pre-season baseline testing levels that assists in medical clearance and return-to-play decisions. On other occasions, when an athlete has not completed baseline testing, post-injury ImPACT test data can be effectively compared to normative data provided by the developers of this test battery. 8, 9 Updated normative ImPACT standards for adolescent athletes are available online, 10 but very limited information is available as to the potential influence of demographic and sociocultural factors on neuropsychological tests, like ImPACT. 11, 12, 13 When test scores are interpreted based on the norms of the mainstream population, an overestimate of neurocognitive deficits could occur among minority individuals, who tend to obtain lower scores on standard psychological tests. 14, 15 Hence, there are reasonable concerns that
ImPACT norms developed across the United States may not be an appropriate reference base for athletes from certain areas of the country with significant ethnic minority populations. 16, 17 In these situations, when a neuropsychological test instrument, such as
ImPACT, is used, representative comparative data from ethnically diverse populaces may be needed to avert the misdiagnosis of concussed young athletes.
Studies that examine the ImPACT composite scores of ethnic minority athletes are sparse, with inconsistent findings. A study in South Africa found that the ImPACT neurocognitive scores of English-speaking black and mostly white South African rugby players were similar to U.S. football players, although the South African group reported higher concussion-related symptoms. 12 The investigators concluded that U.S. derived
ImPACT normative data were appropriate for use with South African athletes.
Researchers who compared 48 White and 48 African American high school and collegiate student athletes found no significant group differences on baseline ImPACT composite scores and total symptoms, but reported lower post-concussion ImPACT performances for the African American athletes compared with the White athletes. 
METHODS

Test Measures
This study utilized the ImPACT battery, which has been employed in several studies of concussions among high school athletes. 21 ImPACT is a web-based Percent Correct <50, and Three Letters-Total Letters Correct <8. 10 The rate of invalid baseline ImPACT test results among high school and college athletes ranges from 6 to 12%. 24 The participants for this normative study were 5741 English-speaking athletes reported non-English primary languages included Filipino (n = 51), Samoan (n = 27), Japanese (n = 23), Spanish (n = 18), Tongan (n = 16), and others (n = 61).
The numbers of athletes in the varied sports were football (n = 1954), soccer (n = 1049), basketball (n = 804), volleyball (n = 709), cheerleading (n = 390), softball (n = 150), baseball (n = 127), and others (n = 140) (418 had missing data for their sport).
Regarding concussion history, 648 athletes reported having a previous concussion, including 474 with one concussion, 114 with two concussions, and 60 with three or more concussions.
Included in the study were athletes who reported a history of learning disability (n=70, 1.22%), or ADD/ADHD (n=149, 2.60%), which was below the 5-15% prevalence found in the general population.
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Statistical Analyses
The Ms and SDs for the six ImPACT baseline test scores were calculated, 
RESULTS
The means (M) and standard deviations (SD) of the six ImPACT scores of the age groups are presented in Table 1 . MANOVA, using Pillai's trace, revealed significant age differences, V = .036, F (6, 5734) = 35.96, P <.001. The effect size, partial η 2 = .036, was small. Athletes ages 16-18 scored better on all five Composite scores than those ages 13-15. No age difference was seen in the Total Symptom score.
The Ms and SDs of the six ImPACT variables of the sex groups are shown in Table 2 . Differences between sex groups were statistically significant, V = .037, F (6, 5734) = 36.54, P <.001. The effect size, partial η 2 = .037, was small. Post-hoc tests indicated that girls obtained better scores than boys in Visual Motor Speed, Reaction Time, and Impulse Control, and had higher Total Symptom scores than boys. Boys obtained higher scores than girls in Visual Memory.
The Ms and SDs of the ImPACT scores of the three ethnic groups are seen in The Ms and SDs of the ImPACT scores of the four sport groups are shown in Table 4 . Comparisons between the sport groups were statistically significant, V = .067, F 
DISCUSSION
This study represents one of the first efforts to obtain normative data for a computerized neuropsychological test battery when administered to a large ethnically diverse sample of English-speaking adolescent athletes. The significant age groups and sex differences in this study, as in prior research, support the standard practice of test publishers to separate normative data by age and sex. The statistical evidence provided here suggests that this practice be extended to include ethnicity. Age-specific norms are important to determine how an athlete is functioning compared to similar age peers, as notable cognitive development occurs during adolescence. 26, 27 Sex-specific norms are also needed in view of the male-female differences seen in this study and in past neurocognitive testing of high school and collegiate athletes. 28, 29 The significant ethnic group differences found on ImPACT scores in this study are compatible with two prior investigations that compared bilingual Hispanic athletes with English-speaking players, although the ethnicity of the English-speaking participants was not specified. 13, 18 The ImPACT scores of the present sample of diverse ethnic groups were predominantly similar to the ImPACT norms, but the notable differences seen between the three largest ethnic groups suggest that sociocultural influence and other demographic factors can affect the performance of ethnic minorities on computerized neuropsychological test instruments. Given the absence of ethnic-related normative studies of the ImPACT battery, the specific reasons for the differences found between ethnic groups are not immediately explainable. A plausible cause of lower ethnic group test scores could be that skills assessed in these tests, such as speed and verbal memory, may be important in the mainstream culture, but may not be valued in varied ethnic cultures. 30 Less familiarity with test content and problem-solving experiences could also lower the performances of minority subjects. ImPACT score differences. 12 In contrast, our 5741 participants consisted of a diversity of whites, Hawaiian/Pacific Islanders, Asians, Hispanics and African Americans, representing a broad cross-section of the Hawaii population that facilitated the significant ethnic differences in this study.
The investigation of test data from a culturally unique population like Hawaii recognizes that diversity is a feature of the U.S. population that needs to be examined in our practice of neuropsychological testing of young athletes. Recent neuropsychological 13 studies have provided demographically corrected reference tables in response to the need for representative normative test data for different regional and cultural groups. 31, 32 Likewise, the present research presented clinical reference percentiles that can serve as guides in assessing an athlete's ImPACT scores in Hawaii. Accuracy of neuropsychological assessments can improve when the norms applied to the athlete are demographically compatible with the individual. 16, 33, 34 The significant differences between sport groups on ImPACT scores are noteworthy, with football players obtaining poorer test results than their cohorts in soccer, basketball, and volleyball. There is a paucity of studies that compare the cognitive test scores of athletes participating in different sports. Some researchers note few differences in neuropsychological test scores between contact sport athletes (e.g., football, ice hockey, soccer and rugby) and non-contact sport athletes (e.g., track, skiing, tennis, and swimming), and report no differences across a battery of neuropsychological tests. 35, 36 Other investigators, in contrast, found significant differences between high contact sport athletes (football) and low contact sport athletes (wrestling, soccer, baseball, judo, basketball) on two of five ImPACT Composite scores (Processing Speed, Reaction). 37 Whether the cognitive test scores differences between high and low contact sport athletes are due to selective factors or to participation in certain sports remain to be determined.
Visual comparisons suggested that the ImPACT composite scores of 5741 Hawaii youth athletes were, with some exceptions, predominantly comparable to those of the available ImPACT normative data and were similar to the ImPACT scores previously obtained in Hawaii with much smaller samples. 19, 20 At the same time, these tables indicate that certain ethnic minority athletes tend to score lower than the ImPACT norms, such as female athletes ages 13-15, especially in Verbal and Visual Memory (See Table   7 ). The tables in this study can serve as a general guide for those who evaluate adolescent athletes in regions with a significant presence of ethnic minorities. Without statistical comparisons of the Hawaii and ImPACT norms, however, no other observations can be drawn.
LIMITATIONS
The limitations of the current work are worthy of note. Because of the unified state educational system in Hawaii, the normative data in this study include all of the public schools in the state, resulting in one of the largest number of participants in a study of this nature. The large sample size in this study provided more power to detect statistically significant differences, with small effect sizes, between the age, sex, and ethnic groups. At the same time, it is essential to recognize that the small effect sizes in these analyses indicate that the difference between the age, sex, and ethnic groups were small and of questionable clinical significance. 38 The findings of this study, which focused specifically on adolescent athletes, may not be applicable to other age groups, such as pre-teen and collegiate athletes. Another shortcoming of this retrospective study was the lack of information about the socioeconomic status, general intellectual abilities, language skills, and acculturation level that may have affected the results. Other than the exclusion of those who were identified as having invalid ImPACT profiles, there was no formal effort testing to assure optimal level of test performance by the athlete. Research indicates that 11% of high school football players provide baseline scores that reflect insufficient effort on neuropsychological tests. 39 Finally, the inability to compare statistically the current ImPACT norms with the normative data of the Hawaii sample of adolescent athletes compromised the utility of the current ImPACT norms with the local population.
The drawbacks of separate normative datasets for a specific region should be mentioned. The regional norms may be of value to athletes whose demographic characteristics are similar to those of the local normative sample, but have limited relevance outside of the geographic area where the data were collected . 16 Moreover, the differences in norms could reinforce a negative stereotype of the subpopulation, particularly when the test scores are somewhat lower than the majority population, as it is in the present study. Finally, the availability of separate norms might lead to unnecessarily lower expectations for youths from minority groups who differ culturally and linguistically from the majority.
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CONCLUSIONS
The present study provided ImPACT normative data from a large sample of adolescent athletes from ethnically diverse backgrounds, and offered information regarding age, sex, and ethnic group differences not available in the earlier normative research with Hawaii high school athletes. 19, 20 The scores revealed age and sex differences that were consistent with previous published reports of ImPACT test results.
The findings support the continued practice of providing age-and sex-specific normative test data. The current results were also found to be predominantly similar to the standard ImPACT norms, which tentatively suggested that ImPACT norms can be utilized, albeit cautiously, with youth athletes in regions with a large presence of ethnic minorities.
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